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Abstract

Sedentary behaviours are highly associated with obesity and other important health
outcomes in adolescence. This paper reviews screen time and its role within school-based
behavioural interventions targeting adolescents between the years 2007 and 2019. A
systematic literature review following PRISMA guidelines was conducted across five
major databases to identify interventions targeting screen time—in addition to TV/DVD
viewing. The review identified a total of 30 papers analysing 15 studies across 16
countries aiming at addressing reduction of recreational screen time (internet use and
gaming) in addition to television/DVD viewing. All of the interventions focused exclu-
sively on behaviour change, targeting in the majority both reduction of sedentary
behaviours along with strategies to increase physical activity levels. A mix of intervention
effects were found in the reviewed studies. Findings suggest aiming only for reduction in
time spent on screen-based behaviour within interventions could be a limited strategy in
ameliorating excessive screen use, if not targeted, in parallel, with strategies to address
other developmental, contextual and motivational factors that are key components in
driving the occurrence and maintenance of adolescent online behaviours. Additionally, it
raises the need for a differential treatment and assessment of each online activity within
the interventions due to the heterogeneity of the construct of screen time. Recommenda-
tions for enhancing the effectiveness of school-based sedentary behaviour interventions
and implications for public policy are discussed.
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Recent evidence from nationally representative US adolescent samples suggests that psycho-
logical wellbeing has decreased since 2012 due to more time being spent on electronic media
and screen time (Twenge et al. 2018). The proliferation of media use (Council on
Communications and Media 2016) and the increase in the time spent using media (Rideout
et al. 2010; Wahi 2011) has brought about an overall increase in screen-based sedentary
behaviour (SB). SB has been increasingly linked to obesity and other physical and mental
health concerns. Prevalence rates for obesity have risen ten times in the last four decades and
assuming the current trend continues, there will be more obese children and adolescents than
moderately to severely underweight adolescents by 2022 (World Health Organization 2017) in
spite of efforts to define prevention priorities (Moreno et al. 2011; Pratt et al. 2008). Currently,
in the US, about one in six children and adolescents aged two to 19 years are considered obese
(National Institute of Diabetes and Digestive and Kidney Diseases 2017), with a 17%
prevalence of obesity and 5.8% of extreme obesity (for ages two to 19 years) (Ogden et al.
2016). In the UK, over one in five children in reception class, and over one in three children in
sixth grade, were found to be obese or overweight (NHS England 2017).

Television (TV) viewing accounts for one-third of the share in SB time and is considered
the most studied behaviour to date and the one most strongly related to overweight conditions
(Heilmann et al. 2017). However, there is a significant increase in new media consumption
leading to SB (Robert Wood Johnson Foundation 2014), with screen time (ST) and internet use
still requiring further investigation (Vandelanotte et al. 2009). Current revised UK public
health guidelines (UK Chief Medical Officers 2019) recommend an average of at least 60
daily minutes of moderate to vigorous physical activity (MVPA) across the week for school-
aged children and adolescents using a variety of types and intensities and with an emphasis on
minimizing SBs and increasing break up of long periods of sedentariness. Increasingly SB
recommendations include (in addition to MVPA) a focus on ST reduction strategies also
reflected in lifestyle interventions for obesity and the increase of physical activity (PA). The
Canadian Paediatric Society (Ponti and Digital Health Task Force 2019) recently announced a
new position statement providing evidence-based guidance for clinicians and parents stressing
four main pillars (i.e. healthy management, meaningful ST, positive modelling and balanced,
informed monitoring of ST and signs of problematic behaviours), suggesting a transition from
restrictive-only strategies to the inclusion of advice on qualitative assessment of time spent
online and screening. Equally, following a comprehensive review, the Royal College of
Paediatrics and Child Health (Royal College of Paediatrics and Child Health (RCPCH)
2019) in the UK recommended an approach to ST tailored to the child, while the French
Academy of Paediatrics (Picherot et al. 2018) recommended developing parental awareness of
risks and benefits and an active involvement in alternative activities, endorsing balanced use of
ST. All expert advice provision contains a healthy mix of restrictive and active mediation
approaches, following the updated guidelines of the American Academy of Paediatrics
(Council on Communications and Media 2016). However, uptake is still poor with evidence
of only 37% of US children meeting ST recommendations (Walsh et al. 2018).

Evidence to date for ST harm is still weak with potential confounding factors (i.e. low PA,
high sugar intake, data deriving from low socio-economic samples). However, risks appear to
be involved in increased ST (Ashton and Beattie 2019). Prevalence rates from 30 large and
population-representative studies demonstrated an average of 8.1 h/day for SBs, which
increased from childhood to adolescence and exceeding the daily recommendations average
of2.9 h/day for ST (Bauman et al. 2018). Children and adolescents in the US have been found
to spend an average of 6 to 8 h daily engaged in SB, during and out of school, with 32.4% of
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children and adolescents on an average school day devoting about 3 to 4 h on TV, playing
video games, or on using a computer for leisure activities, with 95% reporting having access to
a smartphone, and 45% being online almost constantly (Pew Research Center 2018; Robert
Wood Johnson Foundation 2014). The amount of time children (5-15 years) in the UK spend
daily is approximately 2 h online and 2 h TV watching, with online access exceeding TV
viewing by 20 min (Ofcom 2019). ST behaviours, internet use and gaming are particularly
attractive to young people because they involve the active engagement of the individual rather
than the passive nature of TV consumption, and there are rising parental concerns over use
(Ofcom 2016, 2018). It is still unclear how different ST behaviours are related to obesity
(Coombs and Stamatakis 2015) since the aetiology of obesity is complex and multi-faceted
(Griffiths 2004)—similar to ST behaviours—that constitute different activities with common,
but also different motivations, risk factors and clinical manifestation (Kuss et al. 2014).

Screen time—being a relatively new phenomenon (Coombs and Stamatakis 2015; Griffiths
2010)—has recently been operationalized by the Sedentary Behaviour Research Network
(SBRN), who conducted a terminology consensus project to account for sedentary and active
time spent on screen-based behaviours. This time is divided into the following categories: (i)
recreational ST (not related to school or work), (ii) stationary ST (time spent on screen-based
devices [smartphone, tablet, computer, television] in stationary situations regardless of context
[i.e. school or work]), (iii) sedentary ST (time spent on screen devices in sedentary situations
regardless of context) and (iv) active ST (time spent on screen devices not being stationary
regardless of context, i.e. playing videogames, running on treadmill while watching TV)
(Tremblay et al. 2017). This is differentiated from SBs, a broader construct, increasingly
connected to leisure time (Griffiths 2010; Vandelanotte et al. 2009) and operationally defined
as “any waking behaviour characterized by an expenditure <1.5 Metabolic Equivalents
(METs) while in a sitting or reclining posture” (Sedentary Behaviour Research Network
2012, p. 540). These are behaviours that involve limited energy expenditure, such as sit-
down activities (i.e. reading, listening to music) as well as involvement in ST.

Research has demonstrated the relationship between ST and obesity in overweight and
obese adolescents and in young adults (18-25 years) (Maher et al. 2012; Mitchell et al. 2013;
Vaterlaus et al. 2015). However, the evidence is inconclusive concerning the role of PA in SBs.
SBs accompanied by a lack of PA have been identified as a potential risk factor for adolescent
obesity (Griffiths 2010) and to partially displace physical exercise (Liu et al. 2015) as well as
face-to-face time spent with friends and family, resulting in lower levels of psychological
wellbeing (Liu et al. 2015; Mannell et al. 2005; Nie et al. 2002; Twenge et al. 2018). Other
findings claim obesity to be irrespective of PA levels and not associated with less engagement
in leisure-time physical activities (Gebremariam et al. 2013; Mendoza et al. 2007). Given the
multi-factorial nature of obesity (Hamulka et al. 2018), various intrapersonal and interpersonal
correlates interact, touching upon individual, social and environmental factors, which have
been evidenced as protective or risk functions (Amarasinghe and D’Souza 2012). ST has been
associated with other lifestyle choices (such as sleep, diet and sedentariness), which interact
promoting obesity, arguably in a dose-response manner, suggesting there is a need for
integrated efforts in prevention (Chaput 2017), with attention to the specific activities because
correlates differ between television and computer use (Babey et al. 2013), but with significant
confounding variables (Busch et al. 2013).

Therefore, despite the advantages of adolescent media use documented in several studies
(Council on Communications and Media 2016), there are many studies demonstrating the
widespread negative impacts that excessive ST has on adolescent wellbeing, the increasing
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prevalence rates of problematic use, and the risk factors that are associated with the develop-
ment and maintenance of addictive internet use (Durkee et al. 2012; Kaess et al. 2016; Kuss
and Griffiths 2011; Kuss et al. 2014; Kuss et al. 2013). Apart from the negative physical
impacts of ST sedentary behaviour, there is an emerging literature on the relationship of
prolonged SB and mental health problems (i.e. depression and anxiety) (Asare 2015; Boers
et al. 2019; Liu et al. 2015; Teychenne et al. 2015) including severe depressive symptomatol-
ogy in obese adolescents (Goldfield et al. 2016; Liu et al. 2015); body weight perception,
weight control behaviours and problematic internet use (Park and Lee 2017), leisure internet
and computer use, weight status, time spent in leisure time PA and other SBs (Vandelanotte
et al. 2009); and, various negative correlates (i.e. bullying, less PA, truanting from school,
alcohol use and unhealthy eating habits), and compulsive and excessive screen use with
psychosocial problems and being overweight (Busch et al. 2013).

Additionally, SBs have been associated with psychological distress and decreased
quality of life, sleep deprivation (primarily shortened duration and delayed timing)
among school-aged children and adolescents (Hale and Guan 2015), and unfavourable
changes in dietary habits (Gebremariam et al. 2013). Mobile phone dependency has
been found to negatively predict attention and positively predict depression in ado-
lescents, which in turn affected social relationships with friends, as well as language,
arts and mathematics achievement (Seo et al. 2016). Additionally, adolescents with
problematic social media use presented with low self-esteem, depression symptoms
and elevated social media use levels in a nationally representative sample (Banyai
et al. 2017). Video game playing has also been found to trigger central nervous
system arousal (Wang and Perry 2006) that is in turn potentially associated with
increased levels of anxiety. To reduce ST therefore requires more than time restriction
in addressing problematic content and activities. This may be achieved by providing
parental and child media literacy, focus on screen-free recreational activities, and skill
enhancement in older children and adolescents (Bleckmann and MoBlle 2014).

It has been argued that adolescents are potentially the most appropriate target groups
for interventions due to (i) their vulnerability to addictive and excessive behaviours
(Chambers et al. 2003; Kuss et al. 2013), (ii) a decrease in the engagement with PA
compared to previous activity levels (Hankonen et al. 2017; Hynynen et al. 2016; Todd
et al. 2015), (iii) a significant increase in their media engagement and autonomy over
recreational time (highest media and videogame use in late childhood and early adoles-
cence) (Babic et al. 2015; Garcia et al. 2017; Rideout et al. 2010) and (iv) an identified
need for more research in this age group for the reduction of SBs (Biddle et al. 2014).
Additionally, there is an increasing scientific focus on the developmental actiology or
precursors of problems (Catalano et al. 2004), highlighting the importance of targeting
this age group.

The aforementioned concerns and other negative health outcomes (Moreno et al. 2011)
(i.e. cardiovascular disease, type two diabetes), crucial health indicators (Chinapaw et al.
2011; Tremblay et al. 2011), and shorter sleep duration particularly for portable devices
(Hysing et al. 2015; Twenge et al. 2019) require interventions that attend to ST correlates,
whether social, physical or emotional (Huffman and Szafron 2017). This, in turn, has led
to a growing number of intervention studies that aim to reduce ST and SBs either as a
primary or a secondary outcome (Cong et al. 2012) along with other health-compromising
behaviours (i.e. physical inactivity, and poor nutrition). School-based interventions are
increasingly suggested as an effective vehicle for the implementation of these programmes
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and a growing number of studies document the potential and the effectiveness of
programmes by targeting multiple health behaviours (Hale et al. 2014; Van Grieken
et al. 2012). However, the evidence is still mixed (Hynynen et al. 2016). Previous reviews
and meta-analyses on sedentary intervention studies have reported mixed effects ranging
from no effects (Wahi 2011) to small to medium effect sizes (Biddle et al. 2015; Maniccia
etal. 2011; Schmidt et al. 2012), to significant intervention effects for some of the studies
reported (Altenburg et al. 2016; Friedrich et al. 2014; Tremblay et al. 2011; Van Grieken
et al. 2012), suggesting a need for optimizing effects.

To further understand the role of recreational ST in SBs and the obesogenic
environment (Egger and Swinburn 1997)—which is considered an evolving risk factor
given the increasing habitual involvement of adolescents in these behaviours—and the
way these activities are addressed in school-based interventions, a systematic literature
review was conducted for adolescents. The aim of the present review was to identify
school-based programmes for adolescents that include recreational ST behaviours ad-
ditional to TV viewing, and to assess the ways these are targeted within the interven-
tions and their contribution in reducing SB or increasing PA in obesity-reducing
interventions, which has been increasingly recognized as a significant determinant of
a host of health behaviours, including sleep, cognitive and behavioural outcomes
(Martin et al. 2018).

Methods

A systematic literature review was conducted, following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-analyses) guidelines (Moher et al. 2009). Eligibility
criteria were based on the PICOS (Participants, Intervention, Comparison, Outcome and Study
Design) framework to inform the review objectives (outlined in Tables 1 and 2).

Literature Search

The systematic literature review identified school-based interventions for ST in SBs, where
reduction of ST beyond TV/DVD viewing (i.e. computer/internet use and gaming) was an
outcome. The systematic search consisted of selecting papers from the following electronic
databases: Web of Science, Psyclnfo, PubMed, Science Direct, and Google Scholar, and was
conducted using the following broad search terms: prevent*, intervention, program*, “ran-

CEINNTS

domized controlled trial”, trial, adolescents, school*, “screen time”, “sedentary behaviour”,
gam*, addict*, “internet use”, “social media”, and “social networking sites”. Excessive
internet use and other internet-related pathological activities with addictive proclivity (com-
pulsive, problematic or excessive Internet use) could be a result of excessive ST and were

therefore used as a related construct for the purposes of the review.

Inclusion/Exclusion Criteria

Eligible for inclusion were (i) protocol studies or studies that evaluated school-delivered ST or
SB interventions targeting a reduction of screen-based SBs alone or with other physical and
mental health issues that included other media use apart from TV viewing (i.e. computer,

smartphone, and other media use, online or offline gaming), (ii) effectiveness SB studies that
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targeted adolescents aged 10-16 years, published between 2007 and 2019, as SBs have
recently started to attract scientific attention (Coombs and Stamatakis 2015) and prior SB
interventions mainly examined TV viewing in terms of recreational behaviour (Tremblay et al.
2011), (ii1) interventions where reduction of ST was an outcome, and (iv) studies for which a
full-text was available, were published in the English, German, Greek or Polish language (the
native languages of the authors) and which were peer-reviewed. Obesity intervention and PA
increase studies that included reduction of online-related screen time behaviours as an outcome
were also included.

Excluded were studies that involved only PA as an outcome or SB that assessed only TV
viewing or other non-screen (non-internet), sitting down, related to leisure time (i.e. reading,
and listening to music). Additionally, school-based interventions targeting internet use/
addiction and problem gaming or gaming addiction focus, and multiple-risk behaviour
intervention studies—which included other than obesity or PA-related risk behaviours (i.e.
substance use, and alcohol)—were excluded because these have been critically examined in
other reviews (Throuvala et al. 2019b).

Data Extraction and Synthesis

Study selection of ST school-based intervention studies consisted of two phases: an initial
search for titles and abstracts followed by a detailed examination of the full-text studies and
their references. Eligibility assessment was performed by two assessors through an unblinded
review process. Occasions where subjective judgments differed were resolved by consensus. A
data extraction sheet [based on the Cochrane Consumers and Communication Review Group’s
data extraction template (Higgins and Green 2011)] was developed and adapted to account for
trials in education settings. Studies were assessed for their (i) objectives, SB outcomes, and
methodological integrity, (ii) intervention content and strategies, and (iii) effectiveness. A
synthesis of the most critical findings was undertaken. Reviews and meta-analyses were not
included but were consulted in the analysis of the studies identified. All tasks undertaken were
reported in a flow diagram identifying and documenting all processes of literature searching
and the sifting process that led to a specification of the full-text papers. These were extracted
and reviewed by all authors before the preparation of the manuscript.

Since the studies were randomized controlled trials (RCTs) and protocols of these RCTs,
two reviewers independently assessed their validity and risk of bias based on the following
domains: (i) randomization/sequence generation (including comparability of baseline charac-
teristics), (i) allocation concealment, (iii) blinding of students, providers/assessors and out-
come assessment, (iv) incomplete data, (v) attrition and selective reporting bias, and (vi) other
sources of bias (i.e. sample size justification). Effectiveness results varied for ST reduction and
a critical evaluation of the intervention components and the rationale of the studies was
undertaken in order to explore reasons for this potential variability in the results.

Results

In spite of the plethora of obesity and sedentary behaviour school-based interventions for
children and adolescents, few studies have included ST behaviours additional to TV/DVD
viewing in their assessments, limiting the number of studies that met the inclusion criteria of
the present review. The search resulted in 2583 items (see flow diagram in Fig. 1), and
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identified 30 published papers analysing 15 intervention studies (12 registered RCTs, three
pre-post designs) that met the criteria for inclusion in the review (Aittasalo et al. 2019;
Andrade et al. 2014, 2015; Babic et al. 2016; Babic et al. 2015; Bagherniya et al. 2018;
Barbosa Filho et al. 2019; Barbosa Filho et al. 2016; Barbosa Filho et al. 2015; Cui et al. 2012;
Foley et al. 2017; Hamulka et al. 2018; Hankonen et al. 2016, 2017; Jussila et al. 2015; Leme
et al. 2016; Leme and Philippi 2015; Lubans et al. 2016a; Lubans et al. 2016b; Majumdar et al.
2013; Singh et al. 2006, 2009, 2007; Smith et al. 2017; Smith et al. 2014a, 2014b; Tarro et al.
2017, Tarro et al. 2019; Vik et al. 2015; Wadolowska et al. 2019). Out of the 15 studies, eight
were analysed in more than one paper, presenting a separate rationale/study protocol or
protocol and baseline results and additional effectiveness of RCT papers (Table 1). The studies
spanned 16 countries: USA, Australia, Brazil, Ecuador, Finland, Belgium, the Netherlands,
Poland, Germany, Greece, Spain, Hungary, Norway, Finland, Iran and China. All studies
targeted the reduction of SB and ST as a primary or secondary outcome among other
outcomes, accompanied in the majority with parallel strategies to increase PA, or other health
behaviours.

All interventions were conducted in a school setting, were evidence-based, theory-
driven, multi-component, employing both individual, systemic (i.e. parents) and envi-
ronmental resources (i.e. school architecture). The interventions were delivered by the
research teams (research assistants) and teachers (PE), with the exception of three
studies (Cui et al. 2012; Foley et al. 2017; Tarro et al. 2017), which utilized a peer-
education perspective in the implementation of the protocol. The statistical analysis to
assess intervention effects applied in the majority of the studies was multi-level
modelling. The control condition was the standard curriculum delivered in the schools
and few studies provided a neutral task to the control group following the completion
of the intervention. Goal setting was applied within the interventions and a variety of
related strategies, hypothesized mediating processes (i.e. knowledge enhancement, and
engaging in self-monitoring), and determinants of screen behaviours (i.e. competence,
and need satisfaction) to achieve the targeted reductions in screen use (Table 2), and
other health behaviours were assessed. Few studies conducted review synthesis and
explored the stakeholder perspective (i.e. with students and parents) prior to the
development of the intervention (Andrade et al. 2014; Hankonen et al. 2016, 2017;
Singh et al. 2009; Vik et al. 2015) or were based on prior pilot studies or interventions
(Babic et al. 2015; Foley et al. 2017; Hankonen et al. 2016; Leme et al. 2016; Smith
et al. 2014a, 2014b; Vik et al. 2015). The age of the samples ranged from 10 to
19 years, and sample sizes varied from n=172 (Bagherniya et al. 2018) to n=3147
(Vik et al. 2015). The duration of the interventions lasted from three sessions (Aittasalo
et al. 2019) to 28 months (Andrade et al. 2015) with two (pre-post intervention) to four
assessment periods. Assessment included objective (i.e. accelerometer-based), self-
report measures, and process evaluations. In terms of effectiveness, four studies were
effective in reducing ST (Bagherniya et al. 2018; Barbosa Filho et al. 2019; Cui et al.
2012; Smith et al. 2014a, 2014b), eight studies presented with mixed findings with part
reduction in ST (reduction in one specific assessment period, weekend/weekdays or
gender-based) (Aittasalo et al. 2019; Andrade et al. 2015; Babic et al. 2016; Foley et al.
2017; Leme et al. 2016; Singh et al. 2009; Tarro et al. 2017), and three studies did not
find significant intervention effects in reducing ST (Majumdar et al. 2013; Vik et al.
2015; Wadolowska et al. 2019). Hankonen et al. (2016) reported good participation,
response and acceptability of protocol.
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Database search: 2,583
¢ Pub Med: N=678
*  Web of Science: N =567
¢ Science Direct: N=320
*  PsycINFO: N =487
¢ Google Scholar: N =456
*  Articles from other sources N=75
v
N = 2,583 articles identified using database search N = 628 excluded
. * Duplicates=320
v ¢ Unrelated =253
N=1,955 remaining articles for further * Different language = 55
analysis
l N =820 excluded
Articles general issues related to
. N= 1135 sedentary behaviours
Articles on sedentary behaviours and other
variables with some reference to interventions
l N=320
v articles on physical activity only,
N = 815 remaining articles on sedentary obesity
behaviours relative to interventions in general

l

Total School-based studies measuring ST
identified: 15

Fig. 1 The flow diagram of the selection process

Objectives

The studies’ objectives focused on increasing PA and decreasing SB simultaneously while
increasing health knowledge outcomes. Based on eligibility criteria for adolescents exceeding
ST recommendations, with low PA engagement or at risk for obesity, the studies aimed to
assess the effect of the intervention on adolescents’ television time, videogame time, computer
time, and total ST and/or changes in MVPA, energy balance-related behaviours (EBRBs) (PA,
SB, diet/nutrition), and other physical measures [i.e. body mass index (BMI), waist circum-
ference (WC)] or fruit and vegetable intake. Objectives were further developed and informed
in three studies (Andrade et al. 2015; Hankonen et al. 2016, 2017; Vik et al. 2015) by
systematic literature reviews, previous quantitative study findings in their respective cohorts,
qualitative/stakeholder views (focus groups), and the application of evidence-based behaviour
change protocols or theory-driven applications (e.g. increasing motivation, intention to
change).

Methodological Quality/Assessment of Risk of Bias

In terms of methodological quality, all studies indicated adequate designs, with exclusion
criteria, and sample sizes determined by power calculations for adequacy. All studies presented
high risk of bias in one or two domains, with an overall medium to high methodological
quality. To account for the quality of risk of bias assessment and reporting, eight studies
utilized the Consolidated Standards of Reporting Trials (CONSORT; Campbell et al. 2004) to
ensure comprehensive reporting. More specifically, the studies provided descriptions of the
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blinding procedures for participants and assessors and for the methods of randomization (i.e.
use of computerized random number generator) to assign control and intervention groups,
allocation concealment procedures for student recruitment with pairing to avoid baseline
differences, and attrition rates across intervention periods. Outcome data were reported per
assessment period and as overall intervention effects (in Table 2). However, the samples were
not representative in terms of gender, socio-economic status and general education: for gender
(Bagherniya et al. 2018; Leme et al. 2016; Smith et al. 2014a, 2014b); low socio-economic
family status (Andrade et al. 2015; Babic et al. 2015; Leme and Philippi 2015; Singh et al.
2009; Smith et al. 2014a, 2014b), use of a vocational school, not representing general
secondary education (Hankonen et al. 2016, 2017; Singh et al. 2009); use of Catholic schools
only (Babic et al. 2015), and potential biased parental involvement due to their children’s
participation status and lower socio-economic status that has been found to be a predictor of
heavier recreational ST use (Babic et al. 2015), posing a threat to ecological validity, with the
exception of Vik et al.” (2015) international study with a large cohort. There was no reference
to attribution of intervention components to outcomes or of identification of the most effective
behaviour change mechanisms, with the exception of Hankonen et al. (2016) study that
identified behaviour change techniques with higher uptake than others. However, studies
included process evaluations at post-intervention to assess strategies and methodological
shortcomings. Self-report measures for ST were utilized in all studies that presented social
desirability and recall biases. In Barbosa Filho et al.’s study (2019), no blinding procedures of
participants were reported with potential contamination of the subjective outcome measures
(Page and Persch 2013). Self-selection bias was reported in Singh et al.’s study (2009) and lack
of randomization in Wadolowska and colleagues’ study (2019).

Outcomes and Assessment

Primary outcomes for the studies were MVPA, PA and related physical outcomes, and
recreational ST, with various activities specified within the construct (i.e. video game playing,
TV viewing and limits, and ST recommendations). Other outcomes assessed in the studies
were combinations of psychological, physical, dietary consumption-related, and home rule-
setting: body fat percentage, psychological distress, pathological video game use, aggression,
psychological wellbeing, physical self-concept and PA, household ST rules; fruit and sugar-
sweetened beverage consumption, nutrition knowledge, attitudes, dietary behaviours and
lifestyle choices; muscular fitness, resistance training skill competency, body mass index
(BMI) and waist circumference (WC); daytime sleepiness; psychological outcomes (i.e. self-
efficacy, intention, and subjective wellbeing), and hypothesized mediators were examined for
their impact on the assessed behaviours: motivation to limit recreational ST, in school sport,
psychological needs satisfaction, and PA behavioural strategies.

To evaluate the ST effects of the intervention, a variety of quantitative measures including
self-report and objective (accelerometer-based) measures were employed (outlined in Table 1).
Tools used assessed: recreational ST, pathological video gaming, ST rules within the family
home, ST of TV/DVD and computer/games playing and breaks per hour sitting at school and
at home, number of hours spent on TV watching, videogames playing and computer use
during a usual weekday and during the weekend, and total amount of ST on weekdays and on a
weekend day, media multi-tasking, multiple screen devices used for recreational purposes and
proportion of adolescents exceeding the daily recommendation on weekdays and weekends.
Feasibility and acceptability of the intervention were the outcome measures for the feasibility
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study by Hankonen et al. (2017). PA was measured with accelerometers across all studies in
activities (except from water sports in the main), and during sleep time for seven consecutive
days. These have been found to provide a reliable estimate of PA with potential higher
compliance (Babic et al. 2015). Additionally, weight, height, BMI measures, and BMI-z scores
were calculated in studies in order to assess differences post-intervention. Process evaluation
was part of the assessment procedures for five interventions and was conducted by direct
observation, focus group discussions or questionnaires, student retention, adherence, feasibil-
ity, satisfaction data, and identification of successful intervention components.

Intervention Components/Strategies/Mode of Delivery

Twelve studies employed strategies grounded in behaviour change with the use of hypothesized
intrapersonal, interpersonal and environmental mediators, providing a structured framework for
an objective assessment of intervention effectiveness. Social cognitive theory (SCT) (Bandura
1986), self-determination theory (SDT) (Deci and Ryan 1985), and motivational and self-
regulatory theories (Carver and Sheier 1982; Deci and Ryan 2000; McEachan et al. 2011) were
the theoretical frameworks of choice, as is frequently encountered in the PA interventions
literature (Bagherniya et al. 2018). Two of the studies (Babic et al. 2015; Hankonen et al. 2016,
2017) utilized the Behaviour Change Technique Taxonomy (BCT) (Michie et al. 2013) and
Wadolowska and colleagues used the integrated theory of health behaviour change (Ryan 2009).
A detailed account of the behaviour change techniques (BCTs) and the accompanying mediating
strategies are presented in Table 2. A BCT is defined as “an observable, replicable, and irreducible
component of an intervention designed to alter or redirect causal processes that regulate behav-
iour; that is, a technique is proposed to be an ‘active ingredient’ (e.g. feedback, self-monitoring
and reinforcement)” (Michie et al. 2013, p.82). In Hankonen and colleagues’ study Hankonen
etal. (2017), BCTs were combined with the new guidelines by the UK Medical Research Council
for developing and evaluating interventions (Danner et al. 2008), and empowerment educational
approaches (Ruiter et al. 2013) were utilized in two studies (Cui et al. 2012; Foley et al. 2017).
Other studies (Andrade et al. 2015) were based on behaviour change protocols, such as Interven-
tion Mapping (IM) (Bartholomew et al. 2016), and the Comprehensive Participatory Planning and
Evaluation approach (CPPE) (Lefevre et al. 2001). The IM protocol (Bartholomew et al. 2016)
provides a theory and evidence-based methodology to building effective health promotion
interventions and prevention initiatives across stages of planning, implementation and evaluation,
following a systematic procedure of behaviour change processes (Ruiter et al. 2013). The CPPE
(Lefevre et al. 2001) refers to an approach involving community participation and empowerment
in the engagement of significant stakeholders in the planning and evaluation of health initiatives.
Additionally, two studies embraced whole school health promotion approaches in addition to
theoretical frameworks (Barbosa Filho et al. 2015; Foley et al. 2017). Social marketing principles
were utilized by Tarro and colleagues (2019) based on segmentation, insight, youth engagement,
and a mix of communication methods to convey lifestyle messages.

Ten studies comprised of a synergy of individual-based strategies (i.e. educational package,
key messages regarding PA and ST behaviour delivered via textbook curriculum) and environ-
mental strategies (i.e. modifications in the school environment, and parental workshops) (Cui et al.
2012; Hankonen et al. 2016, 2017), for the delivery of health information (Cui et al. 2012).
Strategies also involved psychological and cognitive mechanisms of behaviour change and other
potential mediators: motivation to reduce ST and engage in school sport, parental mediation, ST
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rules, PA, psychological needs satisfaction, motivation to limit ST, ST rules, and PA behavioural
strategies accompanied by muscular fitness enhancement.

An innovative intervention component in the study by Smith and colleagues (Smith et al.
2014a, 2014b) was the development of a smartphone application that provided fitness and ST
measurements: (i) PA monitoring through recording daily step counts from pedometers; (ii)
recording and review of fitness challenge results; (iii) peer assessment of resistance training
skill competency; (iv) goal setting for ST and PA; and (v) tailored motivational messaging.
Other strategies were enhanced school sport sessions, lunchtime leadership sessions, parent/
caregiver strategies, and assessing behaviour change via specific psychological and cognitive
mediators. Eight studies employed a combination of self-monitoring, knowledge, self-efficacy
and intention enhancement.

Effectiveness

The included interventions reported a mix of results, from small, yet significant, effects in four
studies (detailed results are presented in Table 1), to mixed effects in eight studies—reporting
effectiveness in specific time points during or post-intervention or effects in specific segments of
the target group (Andrade et al. 2015; Barbosa Filho et al. 2019; Foley et al. 2017) to three
reporting no intervention effects for ST at any time points. More specifically, Vik et al. (2015)
reported a school-based, family-engaged intervention aimed at reducing sedentary behaviour and
involved 3147 adolescents from five European countries. No significant intervention effects were
observed, neither for self-reported TV/DVD or computer/game console time, nor for objective
total sedentary time and number of breaks in sitting time. However, positive effects for self-
reported attitude (beliefs and preferences) were reported, showing a positive shift in relation to
introducing breaks in sitting down times. Similarly, no significant difference in ST was observed
in the period post-9 months in Wadolowska et al.’s study (Wadolowska et al. 2019).

Andrade et al. (2015) conducted and evaluated a school-based health promotion intervention
on screen time behaviour among 12- to 15-year-old adolescents. In the first stage of the
intervention, the intervention group presented with a lower increase in television time on a week
and weekend day than the control group, and in total screen time on a weekday, compared to the
control group. Contrary, in the second part of the intervention that involved only PA strategies
(e.g. healthy dieting, and PA), reductions in ST were not maintained. During this phase, screen use
increased (Andrade et al. 2015). Peer-led education in Cui and colleagues’ study (2017) appeared
to be a promising strategy with positive results in the reduction of SBs. No differences were
observed for time spent on SBs initially at 3 months. At 7 months, a significant reduction was
observed in total SBs of 20 min per day in the intervention group, mainly attributed to a decrease
in computer use in the intervention group of 14 min per day (for weekdays). There was a non-
significant difference in total SBs by 22 min per day for time spent on other SBs, including
television and DVD, video game, extracurricular reading, writing, drawing and listening to music,
passive commuting and sitting to talk. However, the intervention was tested across two schools on
each arm (intervention-control) only, with potential confounding factors limiting the generaliz-
ability of results.

The feasibility study of Hankonen et al. (2017) had high acceptability rates, and feasibility
for data collection with increased use of BCTs (Michie et al. 2013) that correlated with PA
measures, showing criterion validity. However, uptake of BCTs, despite the acceptability of the
intervention, was considered moderate and BCTs related to motivation (self-monitoring) were
found to be used more often than BCTs involving self-regulation (coping planning, and graded
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tasks), identifying a gap between perception and action. Teacher and student evaluations were
positive for the increase of sitting reduction strategies in the classroom.

The study of Smith and colleagues (Smith et al. 2014a, 2014b) exhibited only significant
intervention effects for ST, with an approximate 30-min reduction per day for recreational
screen use, but not for the other intervention targets (body composition, and PA). The opposite
was found in Manjumdar et al.’s study (2019), with significant effects for the other intervention
objectives (sweetened beverages and snacks) and no changes for ST. Positive intervention
effects with increased percentages in those meeting daily recommendations for duration of
watching TV and computer use were found in the studies by Barbosa Filho et al. (2019) and
Tarro et al. (2019). The Singh et al. (2009) study reported ST reduction for boys 20 months
post intervention.

Discussion

Sedentary behaviour and screen-based activities are potential determinants of obesity (Phan
et al. 2019). Research in this field is expanding along with a demand for impactful interven-
tions that contribute to public health improvement (Vik et al. 2015). The present systematic
review critically summarized the evidence for the effectiveness of school-based intervention
strategies that targeted reduction of ST in adolescents in addition to time spent watching TV. A
total of 30 papers analysing 15 intervention studies were identified that met the inclusion
criteria, signalling a relative scarcity of interventions targeting adolescents and assessing ST
use within SBs/PA/obesity studies, in line with previous review findings and despite evidence
suggesting a need for differential treatment for PA and ST (Babic et al. 2015; Hynynen et al.
2016; Mark and Janssen 2008; Sedentary Behaviour Research Network 2012). Studies
presented evidence-based designs, with four studies demonstrating effectiveness, eight partial
effectiveness, and three no effectiveness in achieving the expected outcomes of ST or
maintaining the effects, raising issues for the challenges and the long-term impact of these
interventions (Huffman and Szafron 2017).

There are many potential explanations for the partial effectiveness in the findings. The first
concerns the heterogeneity of online activities within the construct of ST, because reduction in
one activity but not in others suggests that specific intervention strategies were not effective for
some behaviours, in line with previous research (Hynynen et al. 2016; Tremblay et al. 2011).
Second, this could reflect a potential inadequacy of the interventions alone to sufficiently
challenge long-held habits and lead to behaviour change. It has been claimed that where screen
behaviours are habitual, these are inherently more difficult to change and when they involve
simpler actions, require constant targeting to produce effects (Bayer and LaRose 2018). Third,
effectiveness and long-term sustainability of results may be impeded by the choice of reduction
only in time spent on media, as a main outcome variable in these interventions. Additionally, it
is increasingly recognized that PA interventions should target screen-based activities concur-
rently in order to limit SBs among children and adolescents (Chen et al. 2018). However, ST
has not been sufficiently studied and operationalized to date and the evidence base for its
determinants, correlates, and interventions is weak in determining the optimal mix of strategies
to curb this behaviour.

The first limitation has to do with the operational definition of ST as a construct, because it
only focuses on the manifestation of the problem—the excessive amount of time that the
adolescent devotes to the activity—and does not account for the specific content consumed or
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activity engaged in and lacks specificity (Hietajérvi et al. 2019; Nie et al. 2002). Gaming and
social media share commonalities, but also present significant differences (i.e. key motivations,
correlates, structural characteristics, risk factors, and clinical image) (Kuss and Billieux 2017,
Marshall et al. 2006). Equally, SBs include both an array of passive (TV viewing) and more
active behaviours (i.e. computer games), because adolescents may seek out more sensation-
rich and arousing experiences to fuel the increased risk taking and novelty seeking needs of
adolescence (Kuss and Billieux 2017) and more socially driven behaviours responding to peer
culture (i.e. engagement in social media) (Garcia et al. 2017). Evidence has supported that
context (where, how, when, impacts), content (what is accessed or used), and relationship
formation (i.e. type and quality) may be more critical factors than time (Griffiths and Szabo
2014; Livingstone and Helsper 2008). These factors were not addressed within the reviewed
interventions. Contrary, the focus was on behaviour change and the hypothesized mediators
relating to motivation, self-regulation and intention to change the behaviour.

Second, reduction objectives may be conflicting with adolescent developmental needs and
milestones (i.e. for autonomy and interpersonal communication) that have been found to be
facilitated by the online environment (Borca et al. 2015). The developmental trajectory from early
childhood to late adolescence demonstrates a decline in PA (Dumith et al. 2011) and an increase in
recreational screen behaviours in the transition from early to mid-adolescence (Hardy et al. 2007a;
Raudsepp 2016; Todd et al. 2015) and spending increasingly unsupervised time at home (Vik
etal. 2015). As a result and due to the lengthy follow-up assessment periods of these interventions
(few lasted more than 2 years), ST reduction objectives are potentially not being met, because
during this period, adolescents are known to increase their ST addressing a normative need.
Unlike other mental health issues (i.e. in suicide or eating disorders) where the health outcomes
can be detrimental or even life-threatening for the adolescent, gaming or internet use is not
perceived as inherently harmful and is an enjoyable activity. Perceived enjoyment is amplified by
the context-specific characteristics (i.e. in games: discovery/novelty, levelling up, wealth acqui-
sition, formation of gamer social groups; in social media: the ‘likes’, nomophobia, fear of missing
out [FOMO], etc.) that tap into powerful key motivations, reinforcing the salience and mainte-
nance of the behaviours (Hussain et al. 2015; King et al. 2018; Kuss and Griffiths 2017; Kuss et al.
2012).

Similarly, assessing sedentary vs. non-sedentary time does not account for content, activity
engaged in, or level of intensity of use. Studies followed the principle of triangulation (Adams
et al. 2015) with objective and subjective outcome evaluation and process evaluation measures.
However, self-report assessment tools used result in underreporting of time spent online also
failing to account for differences in the content or context of adolescent engagement (Katapally
and Chu 2019). Additionally, objective measures only provide an accurate measurement of
sedentariness and PA, but do not report how this sedentary time is distributed (Sigerson and
Cheng 2018), leading to an incomplete assessment of these diverse activities. Potentially, other
methods should complement interventions to provide more accuracy and specificity, similar to the
use of experience sampling in time-use research or the use of instant emotion detection sensors
(Kanjo et al. 2017; Sonnenberg et al. 2012; Twenge and Park 2017). The incorporation of push
prompt messages used was evaluated via a smartphone application only in the study of Smith and
colleagues (2015) and was considered a positive strategy to reduce ST in adolescents. These types
of data can act as a self-monitoring tool, providing some feedback and offering a degree of control
over the behaviour, serving two functions: that of assessment and of an intervention component.
Lessons can be learned from gambling research, where behavioural tracking data have been used
to capture actual and real time behaviours (Griffiths and Whitty 2010) and to evaluate the degree
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of responsiveness to personalized behavioural feedback, that has been found to lead to reduced
gambling activity (Auer and Griffiths 2015).

Reduction objectives may also potentially be perceived by adolescents as an external
regulation that compromises their gradual autonomy, afforded by electronic media that provide
them with opportunities for recreation, socialization, validation, and achievement (Boyd 2014;
Livingstone 2008; Loos et al. 2012). However, three studies (Andrade et al. 2015; Hankonen
et al. 2016, 2017; Vik et al. 2015) assessed needs and stakeholder perspectives (i.e. students
and parents) to inform the development of the respective interventions—a critical step in ST
intervention development (Kidd et al. 2003; Kok et al. 2017; Prochaska et al. 1992; Rodda
et al. 2018). BCTs were then used to link determinants to intervention components. However,
tailoring BCTs (i.e. “goal-setting”, “self-monitoring”, and “thinking about one’s own mo-
tives”) is crucial not only at intervention level, but also at activity level (Schaalma and Kok
2009), justifying BCT use and testing their uptake and effectiveness prior to a full extent trial
(Altenburg et al. 2016; Greaves 2015). Hankonen et al. (2017) followed this approach and
identified the most effective BCTs for participants in their feasibility study in order to optimize
intervention content, a factor that enhances further the evaluative intervention process
(Greaves 2015; Presseau et al. 2015). With the exception of this study, there was no reference
to attribution of intervention components to outcomes or of identification of the most effective
behaviour change mechanisms, which was also reported by the studies as a limitation. This
appeared to be a common methodological weakness underpinning all interventions examined
in the present review which was partially addressed in process evaluations to assess the
methodological shortcomings. Additionally, health knowledge dissemination—a long-held
strategy employed in health interventions—appears to be a weak strategy to achieve ST
reduction objectives and needs to be reconceptualized given the positive and functional aspects
of online engagement (Lafreniére et al. 2013).

All studies presented high risk of bias in one or two domains. However, most studies were
of overall medium to high methodological quality. To account for the quality of risk of bias
assessment and reporting, studies utilized internationally recognized standards of reporting
trials (i.e. the CONSORT statement [Campbell et al. 2004]) to ensure comprehensive reporting
and the majority were prospectively registered clinical trials, following stringent guidelines as
to risk of bias assessment. Self-report measures for ST were utilized in all studies that present
social desirability and recall biases. Additionally, representativeness was not assumed in the
majority of studies (with sample size, geographic, socio-economic or gender-specific restric-
tions), limiting further the generalizability of the results, with the exception of Vik and
colleagues’ study (Vik et al. 2015) which was an international study with a large cohort.

Finally, the studies reviewed stressed the association of potential physical risks, neglecting
significant research conducted on psychosocial impacts of online use. Following evidence
concerning the increase in prevalence of problematic/addictive use (Kuss et al. 2014), an
interdisciplinary integration of research evidence (Colder Carras et al. 2017; Tremblay et al.
2011) is required. This should examine (i) the way these separate activities interact (Presseau
et al. 2015), (ii) the way they contribute uniquely to the physical and psycho-emotional
impacts experienced by adolescents, (iii) understand the motivations that potentially lead to
an increase of sedentary lifestyles (Griffiths 2010), (iv) apply longitudinal research and
updated assessment tools per activity (Altenburg et al. 2016; Brug et al. 2010), (v) assess
the contribution of the different intervention components in effecting change (Smith et al.
2014a, 2014b), and targeting attitude and breaking habit strength (Chinapaw et al. 2008), and
(vi) reflect on normative developmental tasks facilitated by online affordances (Huffman and
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Szafron 2017). Primarily, the construct of ST requires re-definition because the time invest-
ment refers and addresses only part of the problematic use involved in obesity and other non-
communicable diseases, which in order to address effectively in interventions needs to target
the content, the context, the motivations driving excessive involvement, and the provision of
alternative screen-free sources of satisfaction holistically (Griffiths et al. 2018; Throuvala et al.
2019a).

Additionally, it appears that school-based interventions require a more systematic implemen-
tation with follow-up periods or an integration into the school programme to achieve long-term
effectiveness (Nie et al. 2002; Norman et al. 2019). Targeting specific behaviours with the
involvement of family and friends/peers has been found to aid reduction of ST levels (Biddle
et al. 2014; Garcia et al. 2019) with evidence-based parental mediation (Bleckmann and MdBle
2014; Livingstone and Helsper 2008) and was emphasized in the studies examined. The role of
gender and SES is another aspect that requires further investigation, because it appeared that a
differentiation based on these factors is critical for the success of such interventions (Dong et al.
2018; Leme and Philippi 2015; Milani et al. 2018; Smith et al. 2014a, 2014b).

A major limitation of this review was the relatively small number of studies (compared to the
wealth of interventions addressing obesity/PA prevention, which do not cover ST as part of the
SBs) meeting the inclusion criteria, and the heterogeneity in the type of studies, assessment
periods, and outcomes reported in the studies that did not allow for a direct comparison between
the intervention effects. Additionally, the lack of longitudinal data does not allow the drawing of
conclusions with regard to the longer-term maintenance of the effects. In Andrade et al.’s study
(Andrade et al. 2015), ST reduction was not maintained in the absence of the intervention
component targeting ST exclusively. This suggests that these habitual behaviours need to be
further investigated in terms of how they interact within the mix of SBs, and to determine how and
under which conditions an adolescent engages in excessive use. Addressing the specific activities
differentially, their structural characteristics and the social processes that determine them, sup-
ported by whole school approaches and regular booster sessions within the school curriculum
(and not as one-off interventions) may be conducive to achieving ST outcomes.

Overall, the present systematic review highlights a scarcity of adolescent ST interventions
that target online activities and suggests a pressing need to reconceptualise adolescent ST
health promotion in future prevention designs (Morton et al. 2017). The acquisition of a
developmental and ecological approach addressing psychosocial and maturational processes
and mediators (Hesketh et al. 2017; Smith et al. 2017) and communication challenges arising
from use can potentially address the correlates and lead to higher adolescent commitment to
calls for behavioural change (Brug et al. 2010).

Conclusion

SBs are implicated in a variety of serious physical health problems—primarily in the context of
obesity—and psychopathological conditions. Given the increasing prevalence of severe obesity
and time spent gaming (Phan et al. 2019), and the increasing recognition of the role of screen-
based activities as a major contributor to the obesity epidemic (Sanchez-Oliva et al. 2018; Tang
et al. 2018), the need to address prevention measures and evaluate the efficacy of respective
interventions is timely. The purpose of the present review was to identify interventions on screen-
based SBs and to elucidate the role of recreational screen behaviours and the way these are
targeted within the interventions. The review highlights that the mix of ST behaviours has
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changed, yet interventions have not yet effectively accounted for this change in terms of
definition, objective-setting, assessment, and intervention components that target these behaviours
differentially. In addition, sustainable ST reduction can only be achieved by addressing the
variables associated with excessive use, the content, context, and motivations underlying exces-
sive involvement at the expense of other recreational alternatives. Partial effectiveness in the
reviewed studies with no sustainable findings could reflect, among other factors, the potential
failure to understand and embed the adolescent perspective that is facilitated by the online
environment or the setting of appropriate goals in the interventions.

There is a pressing need for more integrated, health promoting prevention programmes in school
environments and targeting of problematic/excessive use, differentiating between content and
activity rather than just frequency of ST being a primary or secondary intervention outcome in
obesity, PA, and/or ST school-based programmes. Intervention effectiveness research can provide
evidence on best practices that can be used by policymakers to develop guidelines for schools,
parents and practitioners for dealing with digital technologies, and the competing online activities
that contribute to sedentary lifestyles and pose health risks for adolescents. These guidelines should
be integrated in school settings and complement school-based initiatives. The design of more
effective interventions can in turn help target key health epidemics related to these behaviours, such
as obesity or physical inactivity related to multiple health risks.
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